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Electrical propertiesAbstract The electrical properties of a polymer containing aromatic rings were compared with
those of polyheterocyclic compound. Each segment of the polyheterocyclic compound contains
three nitrogen atoms. Both polymers were prepared at the laboratory. It was found that the speciﬁc
electrical conductivity of polyphenylacetylene is higher than that of polyaminotriazole. Log q vs.
103/T was traced for both compounds, where q is the speciﬁc electrical resistivity and T is the abso-
lute temperature. Complexes of each compound with KI were prepared. The electrical properties of
these complexes were studied. The microstructure of both compounds was determined by FTIR
spectroscopy.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research Institute.1. Introduction
Conjugated polymers were found to have electrical properties
similar to those of semiconductors and accordingly they were
used for solar cells and other electronic devices [1,2] and fabri-
cation of solid-state devices [3–12]. The conductivity in conju-
gated double bond polymers was believed to depend on the
overlapping of electrons of the p orbitals which form extended
conduction and valence bands [13]. Examples of conjugateddouble bond polymers are polyphenylacetylene, polyamino-
triazole, polyaniline, polypyrrole and polyacetylene. Conduc-
tivity of the order 10 S/cm can be obtained for the
conducting forms [4,5]. Polyphenylacetylene could be polymer-
ized by free radical mechanism [14]. It was also prepared by
catalytic polymerization in the presence of Rh (I) complex
[15,16]. Since the initial discovery of polyacetylene in (1977),
conducting polymers which were p-or n- doped, were prepared
either chemically or electrochemically [17,18]. Various WOCl4
and MoCl5 catalysts were used in the polymerization of phen-
ylacetylene. It was found that titanocene derivatives could
polymerize phenyl acetylene [19,20] with the aid of
triethylaluminium.
In this work phenylacetylene was polymerized by free rad-
ical mechanism [14] using benzoyl peroxide as initiator. Polya-
minotriazole was prepared from oxalic acid and hydrazine
hydrate or from urea and formalin [21]. The electrical proper-
ties of these polymers were studied. The electrical properties of
the polymers before and after reaction with C2H5ONa and KI
were also studied.
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2.1. Materials
- Phenyl acetylene was supplied from BDH M.W: 102.13,
b.p.142–144 C, density: 0.967 g/ml at 25 C. It was distilled
under vacuum, in the presence of nitrogen.
- Benzoyl peroxide (C6H5CO)2O2 supplied from Aldrich
M.W.: 242.23, m.p. after drying: 102–105 C, recrystallized
from ether.
- Formaldehyde HCHO solution stabilized with 10% metha-
nol supplied from Fluka
- M.W.: 30.03 g/mol, 1L = 1.09 kg, b.p.: 96–98 C, Flash
point: 62 C. Commercial formalin is aqueous solution con-
taining 37–40%W/V of formaldehyde.
- Urea:H2NCONH2, supplied from BDHM.W.:60.06 g/mol,
m.p.: 132–135 C, crystalline extra pure.
- Oxalic acid (COOH)2Æ2H2O supplied from Nil Company
Cairo, Egypt. Crystallized from water as colorless crystals
with two molecules of water of crystallization, m.p. of the
hydrate: 101.5 C.
- Hydrazine hydrate: H2NÆNH2ÆH2O M.W.: 32.05 g/mol,
d4020:1.029, Fp: 204 F (95 C), Hydrazine content 55%.
- Conc. ammonia solution 33% Wt. per ml at
20 = 0.8860 g.-C
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2.2.1. Preparation of polyphenylacetylene [15]
51 g of phenylacetylene, after distillation was placed in a 3-
neck round bottomed ﬂask equipped with a reﬂux con-
denser.0.5 g of benzoyl peroxide was added together with
100 ml toluene. The ﬂask was heated at 70 C for 8 h. Polyphe-
nylacetylene was precipitated with methyl alcohol. The poly-
mer was washed with distilled water, alcohol and acetone
and dried in vacuum desiccators. Pellets of the polymer having
1 cm diameter and 1 mm thickness were prepared. The speciﬁc
electrical conductivity of the polymer was determined using
Keithley electrometer at temperature ranging from 30 to
120 C. Because the polymer and its complexes are insoluble
in any solvent, complexes of the polymer with EtONa and
KI were prepared by pressing a sample of the polymer with
EtONa and KI respectively at a ratio of 50:50 by weight.
The speciﬁc electrical conductivities of the complexes formed
were also determined.
Phenylacetylene
Reactions mechanism for formation of Polyphenylacety-
lene Complexes with KI and EtONa:
2.2.2. Preparation of polyaminotriazole [22,23]
50 ml of hydrazine hydrate was added to 50 g of methyl ace-
tate. The mixture was heated gently under reﬂux for 15 min.Absolute ethanol was added just enough to produce a clear
solution. The total mixture was reﬂuxed for a further 2–3 h.
Ethyl alcohol was distilled off. After cooling, the hydrazide
produced was polycondensed in the presence of 1 g of p-tolu-
enesulfonic acid, 6 ml conc.H2SO4 and 100 ml formalin. The
polyaminotriazole produced was precipitated by methyl alco-
hol, washed with water, alcohol and dried.The same reaction can be made using 63 g oxalic acid, 50 ml
hydrazine hydrate. 1 g of p-toluene-sulfonic acid and 13.3 ml
conc. H2SO4, dihydrazide is produced and after reﬂuxing,
the polyaminotriazole is formed. It was precipitated by methyl
alcohol, washed with water and alcohol and dried in vacuum
desiccators. Because of the polymer and its complexes are
insoluble in any solvent, they were plated, having 1 cm diame-
ter and 1 mm thickness. The speciﬁc electrical conductivities of
the polymer and its complexes were determined and the struc-
ture of polyaminotriazole [22,23] was investigated by IR
measurement.
Formation of Polyaminotriazole Complexes with KI:3. Physical measurements
3.1. FTIR spectroscopy
The IR spectrawere recordedbyaPerkin-Elmer 1650FTIRspec-
trophotometer using the KBr technique and the solvent used is
toluene or chloroform. The I.R. Spectrum was carried out at
wavelength 500–3500 cm1 and transmittance % from 40 to 90.
Figure 1 IR spectrum for PAT, PPA, PPA doped with KI and PPA doped with NaOC2H5.
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A sample of the polymer or the polymer complexes was pre-
pared either as a thin ﬁlm 1 cm diameter and 1 mm thickness,
or it was pressed into pellets 1 mm thickness in a special vac-
uum mold. The pressure was 3770 kg/cm2 .This pressure was
sufﬁcient to give compact specimens. After molding the speci-
mens were annealed at 115 C for 48 h with a dc ﬁeld or 90 V
applied across the specimen. This thermal forming process
was to improve the contact between the neighboring particles
and to orient the molecules with the axis of the specimen. Silver
electrodes were used for the specimens. Conducting silver pointwas applied to the faces of the specimens and then they were
heated in a drying oven at 60 C for 10 h. This type of elec-
trodes was very satisfactory for the measurements. This gave
linear current voltage characteristics for weak electric ﬁelds.
To measure the temperature dependence of the speciﬁc resistiv-
ity an electric cell consisting of two copper electrodes was used.
The specimen was adjusted ﬁrmly between the two copper
plates of the electrodes. The specimen was heated from outside
using a non-inductive electrical oven. The temperature of the
specimen was measured by a thermocouple temperature probe
of the type TP-30 attached to a milli voltmeter. The electric cir-
cuit which was used for the measurements consists of an electric
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Figure 2 Conductivity vs. temperature of polyaminotriazole and
with KI.
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Figure 3 Log resistivity vs. 1000/T of polyaminotriazole and
with KI.
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Figure 4 Conductivity vs temperature of polyphenylacetylene
and its complexes with KI and NaOEt.
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Figure 5 Log resistivity vs. 1000/T of polyphenylacetylene and
its complexes with KI and NaOEt.
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Figure 6 I&V for polyaminotriazole and its complexes with KI.
24 M. Yahia Abed et al.source, the cell, high impedance electrometer (A Keithley elec-
trometer of the type 610C and sensitivity 1014 A) and a vari-
able resistance.4. Results and discussion
4.1. FTIR spectroscopy [24–26]
For the spectrum of (PAT) a large band appears at 1149–1050
and 1000 cm1 which are due to CO stretching and OH bend-
ing vibration. The medium band at 3421 cm1 is due to NH
stretching vibrations while the wide bands at 3129, 3095,
3014 and 2957 cm1 stretching vibrations are due to the
presence of imines. C–N vibrations are shown by the bands
1315–1278 cm1. Stretching vibrations at 2795–2346 cm1
indicate the presence of aldehyde group that are conﬁrmed
with the presence of a weak band of CO group at 1740 cm1
and C–H stretching vibration at 2795 and 2957 cm1. These
are attributed to the presence of some traces of formalin sol-
vent used in the preparation process. The small bands at
1883 and 1623 cm1 are due to the group C@N. A small
band at 1623 cm1 stretching vibrations is due to the presence
of the group –N‚N– Fig. (1, PAT). The group –N‚C‚N– is
at 2346 cm1 stretching vibrations and the band at 1511 cm1
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Figure 7 I&V for polyphenylacetylene and its complexes with
KI and NaOEt.
Electrical properties of polyphenylacetylene and polyaminotriazole 25vibrations indicates the presence of amide groups. In the case
of polyphenylacetylene, Fig. (1, PPA), it is clear that there is a
band at 1600 cm1 in the spectra of compounds (1, PPA-KI)
and (1, PPA-Na) which is absent in the spectrum of compound
(1, PPA). This is most probably due to the reaction of the
acetylenic groups of the polymer with the compounds KI
and NaOEt. However in the case of the reaction between the
polymer and NaOEt the band near 1600 cm1 is highly greater
than in the case of the polymer with KI. The reactions of the
polymer with compounds KI and NaOEt lead to the formation
of quinoid structures in the polymer chain and that the ability
of the benzene ring to form quinoid structure is greater in the
case of NaOEt.
4.2. Electrical conductivity measurements
In the case of polyaminotriazole pure and the complex polyami-
notriazole withKI, Figs. (2, 3), shows the relation between r and
t, where r is the speciﬁc electrical conductivity in-1 cm1 and t
is the temperature in centigrade. It is a relation of two straight
lines, (two lines with different slopes).
From the relation it is clear that:
rt ¼ r0ð1þ atÞ ðAÞ
where r0 is the speciﬁc electrical conductivity at t= 0 and a is
the temperature coefﬁcient for electrical conductivity. Also it is
found that the relation log q vs. 103/T is almost linear. From
the values of the electrical conductivities and the linear relation
between log q and 103/T, it is predicted that these materials
have the same properties as those of semiconductors.
The relation of log q vs. 103/T for the same complex is also
almost linear and valid at temperature between 40 and 90 C.
The linear relation in the case of log q vs. 103/T for polyami-
notriazole (PAT) and its complex with KI means that:
log q ¼ logq0 þ DE=kT ðBÞ
where q is the speciﬁc electrical resistivity and T is the
absolute temperature, DE is the activation energy for electrical
conductivity, k is Boltzmann constant and q0 is constant and
is the speciﬁc electrical resistivity at t=1. In the case ofpolyphenylacetylene (PPA), r vs. t and log q vs. 103/T shown
in Figs. (4, 5) obey the relations (A) and (B). However in the case
of (PPA) and its complexes with KI and NaOEt, r increases by
102 order ofmagnitude than in the case of (PAT) and its complex
with KI. These results could be attributed to sterical hindrance
due to the presence of large groups in the polyheterocyclic com-
pound, despite the polarity of these groups that are capable of
orientation in an electric ﬁeld; this restricts the rotation of the
large polyaminotriazole molecule. But, (PPA) and its complexes
with KI andNaOEt, shows with increasing the temperature, the
increase in the mobility of ionic and ionic complexes bodies that
takes place as a result of the excitation by heat. Accordingly,
(PPA) complexeswithKI andNaOEt have higher electrical con-
ductivity than (PPA) pure. Thus the value of r in S/cm for the
above mentioned compounds is nearly 104 S/cm, i.e. these val-
ues are in the range of semiconductors. The relation between the
current in ampere I and the voltageV for PAT complex with KI
is linear and passes through the origin (an Ohmic relation)
Fig. (6), which means that the mechanism of the reaction is elec-
tronic. Also for (PPA) complexes with KI and NaOEt, the rela-
tion between I and V is linear and passes through the origin (an
Ohmic relation) Fig. (7). The conductivity of (PPA) with KI is
higher than that of PPA with NaOEt.
5. Conclusion
From the studies of the electrical properties of the polymers
after reaction with C2H5ONa and KI, it was found that the
relation between I and V is linear and passes through the origin
(an Ohmic relation). In the case of polyphenylacetylene (PPA)
and its complexes with KI and NaOEt, r increases by 102 or-
der of magnitude than in the case of polyaminotriazole (PAT)
and its complex with KI. (PPA) complexes with KI and NaO-
Et have higher electrical conductivity than (PPA) alone. The
values of the electrical conductivities and the linear relation be-
tween log q and 103/T, predicted that these materials have the
same properties as those of semiconductors.
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